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Background: Arteriovenous ﬁstula (AVF) formation for dialysis access is a common procedure. Fistula maturation is
unpredictable. Preoperative duplex mapping may increase procedural success. We undertook a systematic review to assess
the effect of preoperative duplex mapping on subsequent AVF patency.
Methods: The published literature was searched on PubMed and the Cochrane Library using the following keywords:
‘arteriovenous ﬁstula,’ ‘venous mapping,’ ‘ultrasound,’ ‘hemodialysis,’ ‘vascular access,’ and ‘perioperative vessel
mapping.’ Conference proceedings were hand searched for otherwise unpublished trials. Only randomized controlled
trials in which preoperative duplex mapping was compared with clinical evaluation were eligible.
Results: Three trials (402 patients) were identiﬁed. More patients who underwent ultrasound successfully started using
their ﬁstula for dialysis access, although the difference did not reach statistical signiﬁcance (174/214 vs 130/188; pooled
odds ratio, 1.96; P [ .11).
Conclusions: Preoperative duplex mapping may improve ﬁstula maturation rates. However, the results do not reach
statistical signiﬁcance and there are no cost-effectiveness data. Further work is required. (J Vasc Surg 2013;57:1129-33.)Arteriovenous ﬁstula (AVF) formation is one the most
common dialysis access and vascular operations1 performed
by general vascular surgeons as a consequence of the
increasing number of aging and diabetic patients requiring
chronic haemodialysis.2 Fistula maturation is often unsuc-
cessful with reported failure rates as high as 53%.3-5 Various
attempts have been made to improve maturation rates.
A routine preoperative ultrasonography protocol, for ex-
ample, may maximize success rate of AVF creation.6
Besides ultrasound, other forms of preoperative imaging
(eg, venogram and contract-enhanced spiral computed
tomography scan)7 have been used as adjunctive testing
modalities to a ‘blind’ surgical exploration of the cephalic
vein to evaluate suitability for AVF formation. These
adjuncts had been employed to demonstrate venous system
anatomy but are not widely used, as they are more invasive
in nature and can cause contrast nephropathy. There is also
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routine use of ultrasound prior to the construction of an
AVF. Others, however, found no evidence that ultrasound
decreases AVF failure rates.8,9 There is no general consensus
on the role of ultrasound prior to AVF creation. We under-
took a systematic review to evaluate whether preoperative
color Duplex ultrasonography improves AVF success rates.
METHODS
A systematic literature search and review conﬁned to
studies published in English was performed via Pubmed,
Cochrane library, and web search engines. The following
keywords were used: ‘arteriovenous ﬁstula,’ ‘venous
mapping,’ ‘ultrasound,’ ‘hemodialysis,’ ‘vascular access,’
and ‘perioperative vessel mapping.’ Article reference lists
were scrutinized for relevant articles. Conference proceed-
ings from the Vascular Society of Great Britain and
Ireland (2004-2009), the Vascular Access Society (VAS)
(2007-2011), the Society of Vascular Surgery (2011),
and European Society of Vascular Surgery (2007-2010)
were manually searched. The systematic review was under-
taken in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.10
Studies were eligible for inclusion provided they met the
following criteria: randomized controlled trial; patients
undergoing primary AVF formation assigned to preopera-
tive evaluation using duplex ultrasound plus clinical exami-
nation vs clinical examination alone; and ﬁstula success1129
Records identified through database 
searching including conference 
proceedings 
(n = 2079)
Excluded after screening citation for 
relevance 
(n = 1335)
Full-text articles assessed for 
eligibility 
(n = 38) 
Selection of articles 
3 RCTs
Excluded after screening abstracts for 
relevance 
(n = 706)
Relevant abstracts screened
(n = 744)
Excluded after screening for Inclusion 
and Exclusion criteria 
(n = 30)
Potential article  
(n = 8)  
Non RCTs
(n = 5)
(Including 1 not eligible due to study 
protocol)
Fig 1. Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) ﬂow diagram shows ﬂowchart of
systematic review. RCTs, Randomized controlled trials.
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ﬁstulas were excluded. The primary outcome for the meta-
analysis was successful use of the formed ﬁstula for dialysis.
Study quality was evaluated using the Jadad Scoring
System.11 Three main items were scored (randomization,
double blinding, and withdrawals and dropouts). A total
score of ﬁve can be obtained. Bias risk was evaluated as
per Cochrane methodology.12 Potential sources of bias
were identiﬁed and graded as ‘low risk of bias,’ ‘high risk
of bias,’ or ‘risk of bias unclear.’
Statistical analysis. The statistical analyses were under-
taken using Statsdirect v. 2.7.8b (November 9, 2011) (Stats-
direct Ltd, Altrincham, United Kingdom). DerSimonian-
Laird random effects models were used to calculate pooled
odds ratios for categorical outcomes. Heterogeneity was
assessedbymeansof theCochranQ-test; a null hypothesis test
whereby P < .05 indicates the presence of signiﬁcant hetero-
geneity. The 5% level was taken as signiﬁcant throughout.
RESULTS
The systematic review is summarized in Fig 1. The
review identiﬁed 2079 initial citations. Ultimately, three
randomized controlled clinical trials (402 patients) wereidentiﬁed which met the inclusion criteria (Table I). These
were all parallel-group trials. In all of the identiﬁed trials,
operating surgeons were not blinded with respect to trial
allocation.
Bias assessment. Bias evaluation of each trial is
summarized in Table II. Six main bias domains were
assessed. All three trials had a low risk of performance
bias. Blinding of study participants was performed appro-
priately whereby none of the subjects in the ultrasound
group were informed of their ultrasonographic ﬁndings.
Ultrasonographic ﬁndings were only disclosed to the
operating surgeons. Therefore, detection bias is invariably
high risk in all three trials. Only one trial13 described
allocation concealment as part of the method of randomi-
zation and therefore was graded as low risk in this domain.
Quality evaluation. All clinical trials were evaluated
using the Jadad score. The mode and median scores were
2 (range, 2-3). All trials score the maximum of 2 for
randomization (R) but none score any points for double
blinding (D).
Outcomes of AVF creation. All three trials reported
outcomes of primary ﬁstula formation.8,13,14 Of 214
patients randomized to ultrasound who underwent
surgery, 174 subsequently successfully used their ﬁstula for
dialysis compared with 130 of the 188 patients assessed by
clinical examination alone (pooled odds ratio, 1.96; 95%
conﬁdence interval, 0.85-4.50; P ¼ .11) (Fig 2). There was
no evidence of heterogeneity (Cochran’s Q 5.00; P ¼ .08),
whereas there were insufﬁcient studies to test for bias.
DISCUSSION
Successful AVF formation has a signiﬁcant impact on
patients requiring hemodialysis. It facilitates early access
to dialysis, reduces the need for acute hemodialysis access,
reduces the number of hospitalizations because of acute
electrolyte imbalances, metabolic acidosis, and ﬂuid over-
load and, therefore, improves morbidity and mortality.
Successful ﬁrst time angio-access reduces the cost of
managing failed ﬁstulas, which may need reoperation or
revision, increasing the burden of health care cost for the
patients and the hospital. Conversely, performing ultra-
sound in all patients may increase the workload in a busy
radiology department and may delay angio-access. Guide-
lines from the Kidney Disease Outcomes Quality Initiative
recommend routine ultrasound for mapping in all AVF
patients while acknowledging the lack of Level I evidence
to support this.15
Traditionally, suitability for AVF formation has been
determined by clinical examination. However physical
examination alone may not be sufﬁcient to evaluate suitable
sites for AVF surgery due to patients’ habitus (obesity) and
compromised vasculature (previous cannulation, multiple
previous access surgery, medical comorbidities). This has
led to recent interest in the role of ultrasonography.
Duplex scanning is a noninvasive, effective, and safe
method of establishing morphologic and functional
parameters or characteristics of vessels that could help
surgeons to improve AVF maturation rates. It can identify
Table II. Risk of bias assessments for studies in a Cochrane review of preoperative US prior to AVF creation
Component Mihmanli (2001) Nursal (2006) Ferring (2010)
Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias) (patient-reported outcomes)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
AVF, Arteriovenous ﬁstula; US, ultrasound.
High risk of bias. Low risk of bias. Unclear risk of bias.
Table I. Comparison of successful AVF rates of all RCTs
Author Year Study type
Ultrasound PE
Arterial
and/or
venous
mapping
Preoperative
ultrasonographic
criteria
Statistically
signiﬁcant
ultrasound
parameters
Jadad score
Operation
performed
Fistula
used for
dialysis
Operation
performed
Fistula
used for
dialysis R D W T
Mihmanli et al 2001 Randomized 72 68 52 39 Both RA volume ﬂow
>200 mL/min
CV thrombotic
changes
(P < .002); low
RA mean volume
ﬂow (P < .05);
mean volume
ﬂow (P < .05)
2 0 0 2
Nursal et al 2006 Randomized 35 23 35 23 Both Arterial diameter
>2 mm
None 2 0 0 2
Ferring et al 2010 Randomized 107 83 101 68 Both RA and CV
diameter
>1.6 mm
None 2 0 1 3
Total 214 174 188 130
AVF, Arteriovenous ﬁstula; CV, cephalic vein; D, double blinding; PE, physical examination; R, randomization; RA, radial artery; RCTs, randomized
controlled trials; Ref, references; T, total score; W, withdrawals and dropouts.
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ination alone. Ultrasonography could be arguably more
time consuming and is operator dependent.
This systematic review identiﬁed only three random-
ized clinical trials comparing routine duplex ultrasound to
clinical examination before AVF formation. There were
more successful ﬁstulas in the duplex group (pooled odds
ratio, 1.96; 95% conﬁdence interval, 0.85-4.50). This result
did not reach statistical signiﬁcance (P ¼ .12) using
random-effects modeling. While the Cochran Q-test
yielded a result just outside signiﬁcance (P ¼ .07), one
would be reluctant to use a ﬁxed effects model to analyze
these data. There is likely to be signiﬁcant clinicalheterogeneity between the trials with respect to ultrasound
equipment and operators as well as surgical technique.
Thus, a random-effects model is more appropriate.
In these trials, both arterial and venous mapping were
used in evaluating outcomes of functioning successful AVF.
There are no consistency inclusion criteria on ultrasono-
graphic ﬁndings. Some authors assessed radial artery (RA)
ﬂow volumes, others use RA diameter, the minimum being
1.6 mm. Mihmanli and colleagues documented that certain
postoperative ultrasonographic ﬁndings may inﬂuence the
outcome of successful AVF, however, similar parameters
have not been demonstrated statistically signiﬁcant in other
included trials.
Fig 2. Forest plot shows odds ratios (with 95% conﬁdence interval) and pooled odds ratios based on random effects
model.
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formation? The three trials were of approximately equal
size. Two reported a signiﬁcant beneﬁt with duplex while
the third demonstrated no effect. This inconsistency
renders it difﬁcult to recommend that duplex confers
beneﬁt. Moreover, the trial outcome is a major limitation.
The trials reported successful AVF formation assessed by
means of a thrill or bruit at the site within 24 hours of
surgery. The key clinical question regarding the proportion
of ﬁstulas useful for dialysis access remains unanswered. A
clinical trial powered to detect signiﬁcant differences in
successful AVF use for dialysis is required to ascertain the
role of duplex ultrasound in this group.
CONCLUSIONS
In conclusion, our systematic review suggests positive
outcomes in patients who had ultrasound prior to AVF
creation, which could lead to better long-term AVF
patency rates. A larger clinical trial is required.
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